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ABSTRACT 
 
The thesis entitled “Synthesis of natural oxygen heterocycles (+)-syributin 1, (+)-
secosyrin 1 and (1R,2S,5S,7R)-2-hydroxy-exo-brevicomin and its unnatural 
antipode” is divided into three chapters. 
 
Chapter I: It deals with “Chiron approach for the synthesis of (+)-syributin 1”.    
Chapter II: It describes the “Stereoselective synthesis of (+)-secosyrin 1”. 
Chapter III: It is further divided into three sections. 
Section A: The first chapter describes the “Introduction & earlier synthetic                       
approaches for ( + ) or (+) or (-)-(1R,2S,5S,7R)-2-hydroxy-exo-
brevicomin”. 
Section B: It deals with the “Stereoselective synthesis of (1R,2S,5S,7R)-2-
hydroxy-exo-brevicomin”. 
Section   C:  It deals with “Chiron approach for the synthesis of (1S,2R,5R,7S)- 2-
hydroxy-exo-brevicomin”. 
  
 
CHAPTER I 
 
This chapter deals with “Chiron approach for the synthesis of (+)-syributin 1 (7)”.  
Some plant pathogens produce signal molecules (elicitors) which are recognized 
specifically by resistant plants and enable the plants to initiate active defense responses 
against these pathogens.  In 1993, Sims et al. isolated syringolides 1 and 2 (1 and 2, 
Figure 1) from Pseudomonas syringae Pv. Tomato which are the first known 
nonporteinaceous metabolites found to elicit hypersensitive responses on soybean plants 
carrying the resistance gene Rpg4.  Two years later, Sims et al. reported the isolation of 
four structurally related metabolites from the same source, the syributins 1 and 2 (7 and 
8) and secosyrins 1 and 2 (4 and 5).  Although these compounds are not active elicitors, 
but certainly display biosynthetic interest as they are coproduced with the syringolides 
and may provide clue to the nature of the genes involved in the hypersensitive response. 
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Later, Yucel and coworkers reported the isolation of other analogs of these 
compounds, syringolide 3 (3), secosyrin 3 (6) and syributin 3 (9). 
Figure 1: Syringolides, secosyrins and syributins 
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We have undertaken the synthesis of simplest member of this class of compounds, 
the syributin 1 (7), whose synthetic approach can be utilized for the synthesis of other 
compounds of the class. 
The retrosynthetic analysis (Scheme 1) showed that 7 could be obtained by 
acylation, and acetonide deprotection of butenolide compound 10.  Compound 10 could 
be obtained from the lactone 11 by selective acetonide deprotection, oxidation and 
reduction of resulting aldehyde.  The lactone 11 could be obtained by RCM of diolefin 
compound 12.  The two olefins of compound could be obtained from ketone 13.  The 
ketone 13 could be easily prepared from D-mannitol 14 (Scheme 1). 
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The synthesis of 7 commenced from 16 which was readily obtained by following 
the literature procedure from D-mannitol 14 via 15.  The secondary hydroxy of 16 was 
selectively oxidized by using Bu2SnO and bromine to 17.  The ketone 17 was then 
attempted for one carbon homologation under Wittig condition.  But the reaction was 
unsuccessful to give compound 18.     
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Reagents and conditions: (a) conc. H2SO4, acetone, rt, 12 h, 72%; (b) conc. H2SO4, MeOH, rt,  70%; 
(c) Bu2SnO, Br2, DCM, 0 
o
C to rt, 1.5 h, 73% ; (d) PPh3CH3I, KO
t
Bu, THF; 
 
The primary hydroxyl in compound 17 was then protected as its TBDPS ether to 
give 19. It was gratifying to note that the one carbon extension of 19 under Wittig 
reaction condition was successful to give 20. Removal of TBDPS in 20 with TBAF gave 
18.  The hydroxyl group in 18 is treated with acryloyl chloride, Et3N and DMAP in DCM 
to give diolefin compound 12.  The diolefin compound 12 was subjected to RCM by 
using  Grubbs 1
st
 generation catalyst to give the lactone 11. Selective isopropylidene 
deprotection of 11 was performed using cat. HCl in MeOH to afford 21 which on 
treatment with NaIO4 followed by reduction of the resulting aldehyde using NaBH4 gave 
10.  Acylation of 10 with hexanoic anhydride gave ester 22.  Finally, the acetonide 
deprotection could be done using the earlier reported method with cat. HCl in MeOH to 
obtain the (+)-syributin 1 7.  The spectral and physical properties of 22 are in good 
agreement with the reported values (Scheme 2). [α]D
25
  +10.5 (c 1.22, CHCl3)  lit. [α]D
20
  
+12.2 (c 0.10, CHCl3). 
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Scheme 3: 
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Reagents and conditions: (a) TBDPSCl, imidazole, DCM, rt, 3 h, 70%; (b) PPh3CH3I, KO
t
Bu, THF, 
-20 
o
C to rt, 3 h, 75% ; (c) TBAF, THF, rt, 2 h, 80%; (d) acryloyl chloride, Et3N, DCM, 0 
o
C to rt, 2 h, 
83%; (e) Grubbs 1
st
 generation cat., DCM, 40 
o
C, 48 h, 70%; (f) MeOH, cat. HCl, rt, 4 h, 78%; (g) 
(i)NaIO4, DCM, rt, 6 h; (ii) NaBH4, MeOH, 0 
o
C to rt, 1 h, 76% for two steps ; (h) hexanoic anhydride, 
Et3N, DMAP, DCM, 0 
o
C to rt, 2.5 h, 85%; (i) MeOH, aq. HCl. 
  
In conclusion we demonstrated a chiran approach for the (+)-syributin 1 (7) 
utilizing the RCM strategy.  This strategy is also useful for the making of related 
molecules including other molecules of this class. 
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CHAPTER II 
 
This chapter deals with highly stereoselective approach for the synthesis of (+)-
secosyrin 1 (4) from D-mannitol.  
  As described earlier Sims et al. reported the isolation of structurally related  
metabolites, secosyrin 1 and 2 (4 and 5) from the same source as that of syringolides, the 
non proteinaceous  hypersensitive elecitors on soybean carrying the resistance gene Rpg4, 
i.e.,  Pseudomonas syringae Pv. Tomato..  Although these compounds are not active 
elicitors, but certainly display biosynthetic interest as they are coproduced with the 
syringolides and may provide clue to the nature of the genes involved in the 
hypersensitive response.  
 Later Yucel and coworkers reported the secosyrin 3 (6) which is analogous to the 
earlier reported secosyrins. 
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Both racemic and enantioselective approaches have been developed for 
secosyrins. The enantioselective approaches have utilized isopropylidene D-
glyceraldehydes, diisopropyl D-tartrate, D-xylulose, and D-arabinose as the chiral starting 
materials.  Different strategies have been adopted for the construction of tetrahydrofuran 
unit of compound 4.  Two of these syntheses utilized Michael addition as key step for the 
formation of tetrahydrofuran unit with a stereoselectivity not more than 5:1.  
These approaches have drawbacks like separation of isomers especially during 
Micheal addition.  To circumvent this problem we envisaged an approach to secosyrin 
using the Michael addition to give (5, 5) bicyclic lactones (furanofurones) with high 
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stereoselectivity.  These bicyclic lactones are also having structural comparision with 
goniofufurone analogues.   
The goniofufurones (23 and 24) are naturally occurring furanofurones and shows 
significant cytotoxic activity.  Due to the unique structural features and significant 
biological activity of goniofufurones, its stereoisomers and its analogues have also been 
synthesized and evaluated for their biological activity. The dephenylgoniofufurones 
analogues 25 and 26 were synthesized and assayed in vitro for the antiproliferative activity 
against human cell tumor lines in which stereoisomer 26 showed remarkable cytotoxicity.  
Figure 2: 
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The retrosynthetic analysis (Scheme 4) showed that 4 could be obtained from the 
oxidation, lactonization and deprotection of olefin compound 27.  Olefin 27 could be 
obtained from the bicyclic lactone 28 which could be synthesized from intramolecular 
Michael addition on disubstituted butenolide 29.  Stereoselective formation of cis-fused 
bicyclic lactone was predicted since it is obvious that the alternative trans ring junction 
between the two five membered rings has highly unfavourable ring strain thus leading to 
the highly stereoselective formation of tertiary chiral centre of 28.  Compound 29 can be 
obtained from the olefin 30 which could be conveniently prepared from D-mannitol. 
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Scheme 4: 
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The synthesis of 4 commenced from 16 which was readily obtained by following 
the literature procedure.  The primary hydroxy of 16 was protected as its TBDPS ether to 
give 31.  TEMPO mediated oxidation of 31 gave 19.  Two carbon extension of 19 was 
performed in a stereoselective manner by using Wittig reaction to yield 32. The bulky 
TBDPS group might have directed the formation of only Z-isomer.  Removal of TBDPS 
in 32 with TBAF gave 33, which on reaction with benzyl bromide yielded 34.  Selective 
isopropylidene deprotection of 34 was performed using aq. H2SO4 in EtOH to afford 35 
which on treatment with NaIO4 followed by reduction of the resulting aldehyde using 
NaBH4 gave 36. Compound 36 was treated with PTSA in aq. acetone to cleave the 
isopropylidene and the crude concentrated reaction mixture obtained was treated with 
excess NaHCO3 in ethyl acetate for 2 days.  Stereoselective intramolecular Michael 
addition on intermediate 37 has taken place to give syn-bicyclic lactone 38 in 70% yield.  
Deprotection of benzyl group in 38 using H2, Pd/C gave 39 which was converted to its 
disilyl ether 40. The bicyclic lactone formation not only helped in creating the tertiary 
chiral centre but also in protecting the hyroxyls selectively.  Reduction of 40 with 
DIBAL-H and one carbon homologation yielded 41. Acylation of 41 with hexanoic 
anhydride gave ester 42.  RuO4 mediated oxidative cleavage of double bond in 42 gave 
acid 43.  Finally, lactonization of 43 with triflouroacetic anhydride/triflouroacetic acid 
and subsequent deprotection of more robust secondary OTBS with TBAF has been 
carried out in one-pot to give compound 4.  The spectral and physical properties of 4 are 
in good agreement with the reported values.  [α]D
26
 +42.7 (c 0.275, CHCl3) lit. [α]D
20
 
+40.2 (c 1.1, CHCl3).  
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Scheme 5: 
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Reagents and conditions: (a) (i) conc. H2SO4, acetone, rt, 12 h, 72%; (ii) conc. H2SO4, MeOH, rt,  
70%; (b) TBDPSCl, imidazole, DCM, 0 
o
C to rt, 12 h, 90%; (c) NaOCl, TEMPO free radical, TBAI (cat. 
amount), NaBr, EtOAc, toluene, H2O, NaHCO3, 0 
o
C, 2 h, 94%; (d) PPh3CHCO2C2H5, toluene, reflux,  5 h, 
78%; (e) TBAF, THF, 0 
o
C to rt, 12 h, 70%; (f) BnBr, Ag2O, 4A
o
 molecular sieves, DCM, rt, 24 h, 80%; 
(g) aq. H2SO4, EtOH,  rt, 10 h, 70%; (h) (i) NaIO4, DCM, 0 
o
C to rt, 3 h; (ii) NaBH4, MeOH, 0 
o
C to rt, 2 h, 
86% for two steps; (i) PTSA, acetone:water (3:2), rt, 5 h, then NaHCO3, EtOAc, rt, 2 days, 70%; (j) H2, 
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10% Pd/C, EtOAc, rt, 12 h, 95%, (k) TBSOTf, 2,6-lutidine,THF, -78 
o
C to rt, 4 h, 86%; (l) (i) DIBAL-H, 
DCM, -78 
o
C, 2 h, 97%; (ii) PPh3CH3I, KO
t
Bu, THF, 0 
o
C to rt, 15 min, 80%; (m) hexanoic anhydride, 
Et3N, DMAP, DCM, 0 
o
C to rt, 1 h, 98%; (n) NaIO4, RuCl3. H2O (cat. amount), Na2HPO4. 2H2O, H2O, 
CCl4, ACN, rt, 18 h, 62%; (o) TFA, TFAA, rt, 1 h then TBAF, rt, 2 days,  73%.  
In batches of around 1gm (2.9 mmol) of 36, about 4% of diastereomeric 44 was 
also isolated whose structure was confirmed by its 
1
H NMR coupling constants and NOE 
experiment.  
Figure 4: 
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Compound 44 formation can be explained by the epimerization of intermediate 37 
to 46 via oxy-furan intermediate 45 followed by Michael addition on 46. 
Scheme 6: 
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In conclusion, we have demonstrated the total synthesis of (+)-secosyrin 1 (4) 
through chiral pool strategy using D-mannitol in a highly stereoselective fashion. Some of 
the intermediates of above synthesis are having structural similarity with goniofufurone 
for example intermediate 38, 39 and 44.  In particular, the intermediate 39 was having 
structural similarity with the dephenylgoniofufurone analogs 25 and 26 which showed 
cytotoxic activity.  Biological evaluation of these intermediates are under progess in our 
laboratory.   
CHAPTER III 
 
This chapter deals with the synthesis of (1R,2S,5S,7R)-2-hydroxy-exo-brevicomin 
and its unnatural antipode.  This chapter is further divided into three sections.  
 
Abstract 
 
 x
Section A 
 This section describes about semiochemicals and their importance in integrated 
pest management (IPM). Discussions about various bark beetles that are destructive pests 
of coniferous forests in southwest of the united states and the pheromones produced by 
them. It also includes the earlier synthetic approaches for (1R,2S,5S,7R)-2-hydroxy-exo-
brevicomin 52, produced by one of the bark beetles, in its enantiopure and racemic forms. 
The earlier synthesis of antipode of 52 is also included in this section. 
Section B 
It describes the stereoselective synthesis of (1R,2S,5S,7R)-2-hydroxy-exo-
brevicomin. Alkylated 6,8-dioxabicyclo[3.2.1]octanes play a major role in the 
communication systems of several bark beetle species. Brevicomin, 7-ethyl-5-methyl-
6,8-dioxabicyclo[3.2.1]octane 47 was the first of these bicyclic acetals, identified from 
the frass of female of western pine beetles. Later it was found that (+)-exo-brevicomin (7-
ethyl-5-methyl-6,8-dioxabicyclo[3.2.1]octane) 47 is a component of several bark beetle 
species belonging to the genera Dendrectonus and Dryocoetes.  In 1996 Francke et al. 
identified new hydroxy brevicomins from emergent, male mountain pine beetles 
Dendroctonus pondarosae and these new oxygenated compounds characterized to be 
stereoisomers of 7-ethyl-5-methyl-6,8-dioxabicyclo[3.2.1]octan-2-ol and 1-(5-methyl-
6,8-dioxabicyclo[3.2.1]oct-7-yl)ethanol. Further structural proof and determination of the 
relative stereochemistry as well as assignment of absolute configuration suggested these 
new hydroxy brevicomins are 48-52. 
Figure 5: Brevicomin and hydroxy brevicomins 
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 In earlier approaches, 52 has been prepared as a mixture of diastereomers utilizing 
the asymmetric dihydroxylation or the asymmetric aldol reaction and as a racemic 
mixture utilizing the m-CPBA epoxidation.
 
 Therefore a straightforward synthesis for 52 
is still to be accomplished.  Nevertheless, it is interesting to note that the 2-hydroxy-exo-
brevicomins have been converted to exo-brevicomin 47 by deoxygenation of its free 
hydroxyl group. 
General features of our synthesis of (1R,2S,5S,7R)-2-hydroxy-exo-brevicomin 52 
are illustrated in the retrosynthetic format in Scheme 7.  The key reaction of our synthesis 
is the tandem hydrogenation of double bond, deprotection of the protecting groups and 
bicyclic ketal formation of compound 53 to give 52. Compound 53 could be obtained 
from alcohol 54 by appropriate protections, deprotections to obtain primary alocohol, and 
then oxidation and Wittig reaction. Whereas, alcohol 54 can be synthesized from 
appropriately protected aldehyde 55 by stereoselective chelation controlled nucleophilic 
addition of ethyl magnesium bromide. Compound 55 could be easily obtained from L-
ascorbic acid (vitamin C) 56. 
Scheme 7: 
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The synthesis commenced from L-ascorbic acid 56. The saturated diol function of 
ascorbic acid was easily protected as acetonide 57 by dissolving in excess acetone 
containing catalytic amount of acetyl chloride. The enone moiety in acetonide 57 was 
cleaved using H2O2, K2CO3 to afford potassium salt 58, which on treatment with ethyl 
bromide in acetonitrile at reflux conditions afforded ester 59 in good yield. The hydroxyl 
of 59 is protected as its MOM ether using MOMCl and DIPEA to give 60.  Ester moiety 
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in 60 was reduced with DIBAL-H in DCM to obtain aldehyde 61, which was treated with 
EtMgBr at -78 
o
C to room temperature in diethyl ether to give 62 as diastereomeric 
mixture, syn:anti alcohols in 18:1 ratio (Scheme 8).  The excellent chelation of MOM 
group with the carbonyl is the main basis for the high stereoselectivity.  These isomers 
cannot be separated at this stage and we proceeded further with the mixture. 
Scheme 8: 
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Reagents and conditions: (a) AcCl, acetone 0 
o
C to rt, 3 h; (b) H2O2, K2CO3, H2O, 0 
o
C to rt ,12 h; (c) 
EtBr, ACN, reflux, 24 h, 85% (for three steps); (d) MOMCl, DIPEA, DCM, -15 
o
C to rt, 12 h, 86%; (e) 
DIBAL-H, DCM, -78 
o
C, 3 h ; (f) EtMgBr, ether, -78 
o
C to rt, 12 h, 60% for two steps. 
 
The hydroxyl functionality in 62 was protected as its MOM ether using MOMCl 
and DIPEA to give compound 63. The acetonide in 63 was deprotected selectively using 
PPTS in MeOH to give diol 64.  The primary hydroxyl in 64 was protected using 
TBDMSCl and imidazole in DCM as its TBDMS ether.  The major syn isomer 65 has 
been obtained in its pure form at this stage by column chromatography.  The secondary 
hydroxyl in 65 was protected as its benzyl ether using benzyl bromide and NaH in THF 
to give compound 66.  Compound 66 on treatment with TBAF in THF gave the hydroxyl 
compound 67.  Compound 67 on Swern oxidation and Wittig reaction gave compound 
68.  Compound 68 on hydrogenation with H2, Pd/C in MeOH in presence of aq. HCl gave 
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inseparable mixture of compounds along with required compound 52.  But, when the 
compound 68 was subjected to hydrogenation with H2, Pd/C in MeOH for 25 min 
initially and then treatment with aq. HCl for overnight gave the target compound 52  75% 
yield (Scheme 9). The
 
spectroscopic data of 52 is in accordance to the reported values.   
[α]D
25 
 +30.8 (c 0.52, CHCl3) lit. [α]D
20
  +33.3 (c 1.1, CHCl3). 
Scheme 9: 
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Reagents and conditions: (a) MOMCl, DIPEA, DCM, -15 
o
C to rt, 12 h, 88%; (b) PPTS, MeOH, rt, 24 h, 
74% (c) TBSCl, Imidazole, DCM, rt, 3 h, 90%; (d) BnBr, THF, 0 
o
C to rt, 77%; (e) TBAF, THF, 0 
o
C to rt, 
2 h, 90% ; (f) (i) (COCl)2, DMSO, DCM, Et3N; -78 
o
C, 2 h; (ii) PPh3CHCOCH3, toluene, reflux, 5 h, (75% 
for two steps) (g) H2, 10% Pd/C, MeOH, 25min, then aq. HCl, rt, 12h, 75%. 
 
  
In conclusion we have demonstrated the synthesis of (1R,2S,5S,7R)-2-hydroxy-
exo-brevicomin in a highly stereoselective fashion starting with chiral pool material. The 
exo-brevicomin 47 is also accessible by this route as its synthesis from 52 is already 
reported.   
Section C 
This section describes the chiron approach for the synthesis of (1S,2R,5R,7S)-2-
hydroxy-exo-brevicomin. 
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Figure 6: 
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Earlier approaches for both ( + )-52 or (1R,2S,5S,7R)-52 involved epoxidation or 
asymmetric dihydroxylation or asymmetric aldol reaction for obtaining hydroxyl centres. 
Whereas, we envisaged to obtain adjacent chiral hydroxy centers of ent-52 from D-
glucose and sucessfully reported the total synthesis of ent-52.   
General features of our synthesis of (1S,2R,5R,7S)-2-hydroxy-exo-brevicomin 
(ent-52) are illustrated in the retrosynthetic format in Scheme 10. 
 The ent-52 could be obtained from the aldehyde 69 by one carbon homologation 
and then hydrogenation of the resulting olefin. However the key reaction of our synthesis 
is formation of bicyclic ketal 69 in acid mediated acetal exchange of 1,2-acetonide of 
compound 70. Compound 70 could be obtained from triol 71 by oxidative cleavage, 
Wittig reaction with Ph3PCHCOCH3 on the resulting aldehyde and then hydrogenation of 
the resulting olefin.  Whereas, triol 71 could be easily obtained from D-glucose 72. 
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As shown in the Scheme 11, our synthesis commenced with removal of the 5,6-O-
isopropylidene group in compound 73, which was prepared from D-glucose according to 
the reported procedure, to give compound 71. The cleavage of glycol moiety in 
compound 71 by periodate in aqueous methanol, followed by Wittig olefination of the 
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resulting aldehyde with (2-oxopropy1idene) triphenylphosphorane in DCM resulted in 
the formation of three carbon extended α,β-unsaturated ketone 74. Hydrogenation of the 
enone 74 in the presence of catalytic Pd/C gave equilibrium mixture of 70 and 75 (in 3:7 
ratio by 
1
H NMR). This mixture was converted to bicyclic ketal derivative 69 with TFA-
water solution (3:2) and its aldehyde functionality was directly subjected to Wittig 
reaction without any further purification with methylidenetriphenylphosphorane to give 
corresponding olefin 76 in 30% yield from 70 and 75 mixture (the average yield for each 
step is 67%). Finally, palladium catalyzed hydrogenation of 76 gave (1S,2R,5R,7S)-52 in 
94% yield as colorless oil. The
 
spectroscopic data of ent-52 is in accordance to the 
reported values of 52. [α]D
25
 = -32.02 (c = 0.6, CHCl3) {lit. for 52, [α]D
25
 = +33.3, (c 
1.94, CHCl3)
 
Scheme 11: 
ent-52
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Reagents and conditions: (a) CuSO4, cat.H2SO4, acetone, 24 h, rt, 70%; (b) 60% aq. AcOH, 12 h, rt; (c) (i) 
aq NaIO4, MeOH, rt, 1 h; ii) PPh3CHCOCH3, DCM, rt, 2 h, 68% from 73; (d) cat. Pd/C, H2, THF, rt, 2 h, 
98%; (e) TFA-H2O, (3:2 solution), 0 
o
C to rt, 2 h; (f) vi) PPh3=CH2, THF, -10 
o
C-rt, 3 h, 30% for two steps; 
(g)  cat. Pd/C, H2, MeOH, rt, 2 h, 94%.  
  
Abstract 
 
 xvi
In conclusion, we demonstrated a short chiron approach for the synthesis of 
(1S,2R,5R,7S)-52 starting from D-glucose with minimum usage of protecting groups. The 
note worthy of our scheme is the formation of anticipated bicyclic skeleton 69 in acid 
hydrolysis of 1,2-acetonide of 70 and 75 mixture.  This scheme can be used for the 
preparation of  (-) exo-brevicomin by using already reported method of converting 52 to 
(+) exo-brevicomin 47 . 
